Objective: The determination of postoperative course after cardiac surgery has always been a challenging issue. It is more sophisticated in the pediatric age group. The aim of this investigation was to identify whether increased concentrations of lactate in arterial blood has a predictive value for postoperative morbidity and mortality after heart surgery.
M
ANY CONGENITAL CARDIAC defects can be corrected today with acceptable morbidity and mortality rates with the recent refinements in cardiac anesthesia, myocardial protection, and postoperative care. However, the intensive care unit period of these patients is still a challenging problem for physicians. Although various clinical and biochemical parameters are used for the monitoring of these patients, an early objective predictor of morbidity and mortality especially in pediatric population can be very advantageous. Mixed venous oxygen saturation and serum lactate level are the most commonly used parameters for the monitoring of oxygen delivery and consumption. However, the unreliability of mixed venous oxygen saturation in patients with residual intracardiac communication 1 and the technical difficulty encountered while obtaining its serum level have increased the importance of new parameters in clinical practice.
Identification of predictors of morbidity and mortality is an important issue for the optimal management of patients with cardiac pathologies. Conventional monitoring of blood gases may detect inadequate tissue oxygenation. Lactate is a product of anaerobic metabolism that reflects tissue hypoperfusion and might be more sensitive for the detection of an imbalance between oxygen supply and demand. [2] [3] [4] [5] Serum lactate levels have been previously used as a prognostic indicator of low cardiac output in adult patients 6, 7 ; however, there are limited numbers of reports analyzing the relationship between lactate level and mortality risk in the pediatric population.
The authors believe that an early elevation of serum lactate level after congenital heart surgery might strongly correlate with an increased risk of morbidity and mortality. The aim of this study was to determine whether serum lactate levels are predictive of morbidity and mortality after congenital cardiac surgery.
MATERIALS AND METHODS
Sixty patients operated on at the authors' institution between May 2002 and June 2003 were included in this prospective study. The informed consents were obtained from each family. The diagnoses of the patients were based primarily on transthoracic echocardiography and are given in Table 1 . There were 4 patients with prior palliative procedures. The authors established some exclusion criteria to create a more homogenous group that were as follows: body weight less than 2 kg, hemodynamic instability or need of inotropic support before the operation, and the presence of an elevation of any parameters preoperatively indicating systemic hypoperfusion.
Anesthesia was started with 5 mg/kg of intramuscular ketamine. The intravenous anesthesia was performed with 1 mg/kg of ketamine, 1.5 g/kg of fentanyl, and 0.1 mg/kg of pancuronium. Patients' lungs were ventilated with oxygen, air, and isoflurane, and ventilation was adjusted to maintain normocarbia. The maintenance of the general anesthesia was achieved with an infusion of 5 g/kg/h of fentanyl and isoflurane in 0% to 1% inspiratory concentration. Noninvasive monitoring consisting of electrocardiogram, pulse oximetry, and measurements of inspiratory and expiratory gas concentrations were used as well as invasive monitoring of central venous and arterial pressures.
The operations were performed under low-flow hypothermic cardiopulmonary bypass (CPB). A median sternotomy was made, and after systemic heparinization (activated coagulation time Ͼ480 seconds), CPB was established through cannulation of the ascending aorta and both caval veins. A nonpulsatile roller pump and disposable membrane oxygenator were used, and the circuit was primed with 300 mL to 600 mL of buffered electrolyte solution (Ringer's lactate: Na ϩ 130 mEq/L; K ϩ 4 mEq/L; Ca 2ϩ 3 mEq/L; Cl Ϫ 109 mEq/L; lactate 2 mEq/L), 100 mL of albumin, and 1 mL/kg of mannitol. During perfusion, hematocrit level was maintained between 25% to 30%. The temperature was measured continuously from the nasopharynx and rectum. Systemic temperature was kept between 27°to 32°C during perfusion. Flow rates were maintained at 2.2 L/min/m 2 at 37°C, 2.0 L/min/m 2 at 32°C, and 1.8 L/min/m 2 at 27°C to maintain a venous oxygen saturation between 70% to 90% depending on the pathophysiology of the underlying diseases. CPB was initiated with low oxygen saturation (70%-80%) in patients with cyanotic congenital heart diseases. Oxygen concentration was gradually increased to desired levels to prevent free radical-mediated myocardial injury. Myocardial protection was achieved with intermittent cold blood cardioplegia with topical cardiac cooling in all patients. A dose of 20 mL/kg of cold crystalloid cardioplegia was initially infused into the aortic root at a pressure of 30 mmHg to achieve cardiac arrest, with subsequent doses of 10 mL/kg every 30 minutes. Hypothermic circulatory arrest was not used in any of the cases. Weaning from CPB was commenced at a rectal temperature of 36°C and was managed with infusion of dopamine and dobutamine. Modified or conventional ultrafiltration was used if needed.
The range of normal serum lactate value is 0.8 to 1.6 mmol/L. After the stabilization period in the intensive care unit (3 hours), samples for serum lactate, base excess or deficit, and pH were collected through a radial arterial line at 3 (t 1 ), 6 (t 2 ), and 12 hours (t 3 ) postoperatively. Mean arterial pressures and urine outputs were also recorded during the same time periods. The patients were subdivided into 2 groups according to their respective mean serum lactate values. A value of 4.8 mmol/L (3 times the normal upper limit) was choosen as a threshold for serum lactate. The patients with a mean value greater than 4.8 mmol/L at all 3 measurements (group 1) were compared with the remaining group of patients (group 2). Relationships between serum mean lactate level and intraoperative and postoperative clinical variables were evaluated. Intraoperative variables included diagnosis for surgery, duration of CPB and aortic cross-clamping, the lowest hematocrit, and the presence of a ventriculotomy. Postoperative variables included rate of mortality, inotrope score, and durations of intubation and intensive care unit stay. Inotrope score was defined as follows: the sum of the doses of dopamine, dobutamine, or any other inotropic agent multiplied by the number of hours that each drug was used.
All values were presented as mean Ϯ standard error of mean. Categoric and continuous data were compared using chi-square with continuity correction and Mann-Whitney U tests, respectively. The relationship between intraoperative variables and serum mean lactate levels in the 2 groups was analyzed with forward stepwise multiple regression analysis. Pearson correlation coefficients were used to determine the correlation between serum mean lactate level and intraoperative variables. The mean values of serum lactate, pH, base excess, arterial pressure, and urine output recorded during the same time periods were entered into the multivariate logistic regression analysis to determine their respective predictive powers on mortality. Multiple regression analysis was performed to analyze the relationship between serum mean lactate level and postoperative variables. Spearman rank correlation coefficients (2--tailed) were used to evaluate whether serum mean lactate level was correlated with postoperative clinical variables. The difference was considered significant if p value was Ͻ0.05.
RESULTS
The perioperative data of patients are shown in Table 1 . Among the patients, 26 (43.3%) of them had a serum mean lactate level more than 4.8 mmol/L, and 34 (56.7%) had a level of 4.8 mmol/L or less. The baseline preoperative lactate levels did not reveal a significant difference between the groups (p ϭ 0.32). In all patients, a nonsignificant and transient elevation of serum lactate level was recorded after CPB (p ϭ 0.999).
In the forward stepwise multiple regression analysis, age (p Ͻ 0.0001, r value ϭ Ϫ0.856 ), aortic cross-clamping time (p Ͻ 0.0001, r value ϭ 0.807), CPB time (p Ͻ 0.001, r value ϭ Table 2 . All patients who died were younger than 6 months. Inotrope score of patients who died was 2,063 Ϯ 124 (range 820-4,600). All of these patients had high serum lactate levels during the early postoperative hours (p Ͻ 0.001). During the first 12 hours, the other parameters indicating systemic hypoperfusion did not differ between the patients who died and survived (Table 3) . Multivariate logistic regression analysis was used to select the model of postoperative variables with the highest predictive power for the event of death. Stepwise logistic regression revealed a relationship that the presence of high serum mean lactate level predicted the risk of early mortality (Table 4) .
Multivariate analysis revealed that serum mean lactate level correlated significantly with inotrope score, intubation time, and intensive care unit stay (Table 5) . Patients with higher blood lactate levels during early postoperative hours were also more likely to have postoperative pulmonary complications (42.3% v 20.5 %, p ϭ 0.041). The correlation between serum mean lactate level and mechanical ventilation time was statistically significant (Fig 1) (y ϭ 2.65 ϩ 0.801 x) . The correlation between serum mean lactate level and inotropic score was also statistically significant (Fig 2) (y ϭ Ϫ270.45 ϩ 0.910 x) (r value ϭ 0.706, p ϭ 0.001). Length of stay in the intensive care unit was longer for the patients with higher blood lactate levels (p ϭ 0.043).
DISCUSSION
The outcome after cardiac operations can be determined by preoperative characteristics of the patients in addition to intraoperative factors such as surgical technique, myocardial protection, and CPB. However, a number of patients with congenital heart diseases continue to trouble physicians during the immediate postoperative period. The early determination of patients carrying high risk of mortality has a strategic importance. Several risk status models have been developed to predict outcome after cardiac operations. [7] [8] [9] Monitoring of such factors during the early postoperative hours may enhance early therapeutic interventions that might improve the outcome. Although many clinical and biochemical parameters are still in use for the determination of patients with high risk of morbidity and mortality, the authors believe that a simpler and accurate predictor of risk should be established in the pediatric age group.
The incidence of low cardiac output after cardiac surgery is 9%. 10 Lactic acidosis is a marker of anaerobic metabolism and shows the imbalance between tissue oxygen supply and consumption. Inadequate systemic perfusion causes the depletion of high-energy phosphates, cellular dysfunction, and finally, the accumulation of waste products including lactate, adenosine, and adenosine diphosphate. 11, 12 Because elevated lactate levels have been correlated with increased mortality rates, the detection of metabolic acidosis in arterial blood gas deserves a systemic diagnostic evaluation and also immediate medical intervention. The role of serum lactate in the postoperative In the present study, the first follow-up lactate value was not obtained for 3 hours. This timing of data collection would miss the possibilty of an increase in serum lactate in the immediate postoperative period before decreasing at 3 hours after operation. 13, 14 The postoperative mortality was significantly higher in patients with a blood lactate level of 4.8 mmol/L or higher. Moreover, postoperative complications, including hemodynamic, pulmonary, and renal were significantly more frequent in this subgroup of patients. This group of patients also needed longer intensive care unit and hospital stay periods. Finally, a peak blood lactate level of 4.8 mmol/L or higher was identified as a strong independent predictor of mortality and morbidity by logistic regression analysis and suggests that occult tissue hypoperfusion may occur during the early postoperative hours. However, further studies are needed to evaluate the association between blood lactate levels and silent oxygen deficit. Identification of high blood lactate levels should prompt further evaluation of all potential factors that may modify oxygen delivery and consumption.
The study revealed that serum lactate levels may predict the patients with an increased risk of death. In both low-and high-risk groups, all patients who died had a higher lactate value during the early postoperative follow-up period. The authors know that lactate concentration in patients undergoing congenital heart operations under cardiopulmonary bypass is usually elevated during the early postoperative hours. However, a sustained increased lactate level or a trend toward elevation after a stabilization period in the intensive care unit should alert the physicians. Because the metabolic acidosis would also negatively influence myocardial contraction, earlier detection of lactic acidosis in arterial blood gas carries a critical importance and requires aggressive diagnostic and therapeutic interventions to increase ventricular contraction and oxygen transport to the tissues before the evidence of irreversible myocardial derangement. To evaluate the cardiac performance, echocardiography is one of the most valuable diagnostic tools in patients with increased lactate levels after heart operations. According to the echocardiographic measures, inotropes can be initiated or their doses can be increased. Diuresis can be forced or colloid/crystalloid solutions can be infused depending on the CVP levels, as well as echocardiographic findings. Changing the parameters of mechanical ventilation to increase oxygen levels and to decrease carbon dioxide levels frequently helps tissue oxygenation for patients who have had surgery for cyanotic heart diseases. Any of these measures can be helpful to decrease the lactate levels and should be considered when the lactate levels reach above the normal values.
The data from the study revealed similar results with prior reports that investigated the correlation between the lactate level and mortality risk. Cowan et al 15 showed the relative prognostic value of lactate during the early shock period. Some authors showed that changes in lactate concentration may be used as an early and objective marker of low-output syndrome in adults. 16 Although Grayck et al 17 revealed that lactate level may be used as a marker of intracranial hemorrhage in infants, there are a limited number of reports analyzing the relationship of lactate level and mortality risk in the pediatric population.
Several limitations are inherent to the present study. The number of the the study group was small and although the authors tried, a totally homogenous study group could not be created. The authors divided the patients into low-and high-risk groups, but the smallness of the numbers has limited the reliability of the results while analyzing each group separately. Additionally, the proposed threshold value for blood lactate levels was determined by using the data from similar reports.
As a conclusion, serum lactate levels may have a critical importance on the prediction of mortality risk. The study revealed that the lactate level of patients who died showed an early increase when compared with those who survived. The present data suggest that a peak blood lactate level of 4.8 mmol/L or higher during the early postoperative hours is associated with an increased risk of perioperative morbidity and mortality.
